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Microstegium vimineum, or Japanese stilt grass, is an invasive species that readily
outcompetes native vegetation and is of poor forage quality for wildlife. This species is
widespread throughout the southeastern United States, including North Carolina. Much of this
region is privately owned and there is a gap in the literature providing succinct information about
the best methods of treatment, timing of treatment, and effects of treatment on native herbaceous
plants in this region. In two parts, this study seeks to address this gap by employing treatments
that are easily accessible to landowners at different times during the growing season and
assessing the effects on the herbaceous plant community post-treatment. Results of this study
found that application of glyphosate was the most effective treatment at M. vimineum removal,
application of household vinegar was the most effective at increasing post-treatment species
richness and diversity, and that seasonality did not play a role in the effectiveness of treatment
options. This study will increase landowner knowledge on treating this invasive successfully and
choosing a treatment that fosters an understory that meets their management goals.

DEDICATIONS
I would like to give all honor and praise to God. Without his provision, I never would
have completed this study. Thank you so much to my husband, Christian, and children, Ezra and
Eden. Everything I do is with you in mind, and I am so grateful for your support.

ii

ACKNOWLEDGEMENTS
Thank you to my major professor, Dr. Siegert, and my committee members, Drs. Granger
and Iglay. Your assistance throughout this project has been so valuable and I will always be
grateful for each of you. Thank you to the landowners of my study sites, Doranne Beam and
Garry Wilkinson. My project would not have been possible without you allowing me to use your
property and I am so appreciative of you allowing me that privilege.

iii

TABLE OF CONTENT
DEDICATIONS .............................................................................................................................. ii
ACKNOWLEDGEMENTS ........................................................................................................... iii
LIST OF TABLES ......................................................................................................................... vi
LIST OF FIGURES ...................................................................................................................... vii
CHAPTER
I.

INTRODUCTION .............................................................................................................1
1.1
1.2
1.3
1.4

II.

Introduction ...........................................................................................................1
Objectives for Study 1 ...........................................................................................2
Objectives for Study 2 ...........................................................................................3
Conclusion .............................................................................................................3

EVALUATION OF LANDOWNER ACCESSIBLE CONTROL METHODS FOR
JAPANESE STILT GRASS (MICROSTEGIUM VIMINEUM) .......................................5
2.1
2.2

Introduction ...........................................................................................................5
Materials and methods ...........................................................................................9
2.2.1 Study site .........................................................................................................9
2.2.2 Experimental design ........................................................................................9
2.2.3 Treatment applications ..................................................................................10
2.2.4 Post-treatment data collection and analysis ...................................................11
2.3
Results .................................................................................................................11
2.4
Discussion............................................................................................................14
2.5
Conclusions .........................................................................................................16
2.6
Acknowledgements .............................................................................................17
III.

SEASONAL COMPARISON OF HOUSEHOLD VINEGAR AND GLYPHOSATE
TREATMENTS ON MICROSTEGIUM VIMINEUM REMOVAL IN THE NORTH
CAROLINA PIEDMONT...............................................................................................18
3.1
3.2

Introduction .........................................................................................................18
Materials and Methods ........................................................................................23
3.2.1 Experimental Design .....................................................................................24
3.2.2 Treatment applications ..................................................................................24
iv

3.2.3 Post-treatment data analysis ..........................................................................25
3.3
Results .................................................................................................................25
3.3.1 Treatment effectiveness .................................................................................25
3.3.2 Species Richness ...........................................................................................27
3.3.3 Biomass .........................................................................................................30
3.4
Discussion............................................................................................................32
3.5
Conclusions .........................................................................................................35
IV.

CONCLUSIONS .............................................................................................................36

REFERENCES ..............................................................................................................................38

v

LIST OF TABLES
Table 2.1

Species richness as measured by unique individuals with number of stems in
parentheses, and species diversity as measured by the Shannon-Wiener Index
(SWI)a in study plots prior to and 6 weeks post-treatment applications across
all three seasons. .........................................................................................................13

Table 3.1

Summary of environmental conditions for the three sites utilized in this
study. ..........................................................................................................................23

Table 3.2

ANOVA results of treatment effectiveness in reducing M. vimineum cover
based on the treatment application type and the season in which the treatment
was applied. ................................................................................................................26

Table 3.3

Average seasonal removal of M. vimineum by different treatments. .........................27

Table 3.4

ANOVA results of Shannon-Weiner Index in plots six weeks after treatment
applications based on treatment type and season. ......................................................29

Table 3.5

Summary of Shannon’s Diversity Index in plots six weeks after treatment
applications based on treatment type and season of application. ...............................30

Table 3.6

ANOVA results of biomass remaining six weeks post treatment based on
treatment type and season. ..........................................................................................31

Table 3.7

Summary of aboveground biomass remaining (g) in plots after one year of
applications of M. vimineum removal treatments and across seasons. .......................32

vi

LIST OF FIGURES
Figure 2.1 Percent Microstegium vimineum removed for each treatment type and time of
application. .................................................................................................................12
Figure 3.1 Average percent of M. vimineum coverage removed for each of two
treatments and controls across three seasons during the 2021 growing season
in the Piedmont Region of North Carolina. Error bars represent standard
errors. ..........................................................................................................................26
Figure 3.2 Count of returning stems per plot and species for each of the plots established
in the Piedmont of North Carolina in 2021 within the treatment/season
pairing on the y-axis. ..................................................................................................28
Figure 3.3 Average Shannon-Weiner Index for each of the treatments in each of the
seasons observed for the M. vimineum removal study that occurred in the
Piedmont of North Carolina in 2021. .........................................................................29
Figure 3.4 Average biomass remaining in plots at the end of the growing season for each
of the treatments in each of the seasons observed for the Microstegium
vimineum biomass study occurring in the Piedmont of North Carolina in
2021. Biomass weights include M. vimineum. ...........................................................31

vii

CHAPTER I
INTRODUCTION
1.1

Introduction
The prevalence of invasive species in the United States has increased greatly with the rise

of global trade. Invasive species are successful in their establishment by either acquiring the
biological necessities they need to thrive and outcompeting native vegetation without threat or
changing an ecosystem through allelopathic and biogeochemical processes to be more suitable
for their survival (Hierro and Calloway 2003). Most successful plant invasives can produce a
large number of seeds and/or reproduce by vegetative propagules (Liu et al. 2006). Facilitated by
abiotic factors, such as human transport, and biotic factors, such as floods and wind events, seeds
can spread rapidly across an area (Eriksson and Jakobsson 1999). Furthermore, establishment
and subsequent abundance of invasives due to seed and plant spread leads to a loss in species
diversity, potentially leading to the extinction of native species (Gurevitch and Padilla 2004;
Wilcove et al. 1998).
Control of invasives species is paramount in the United States, however, challenging due
to the large degree and scale of private landownership. Approximately 60% of the United States
is privately owned (Alvarez 2018), and according to the USDA Forest Service, this privately
owned land is responsible for producing 90% of the country’s wood output and 30% of the
country’s fresh drinking water (USDA, 2017). Conservation of native plant communities vital to
these ecosystem services is very important, but conflicting management goals, lack of landowner
1

education, and differing attitudes make invasive species management at a large scale on private
lands nearly impossible (Espanchin-Niell et al. 2010). As such, the overall purpose of this thesis
is to contribute to the lack of landowner education and assistance regarding the treatment of one
abundant invasive species in the United States: Japanese stilt grass (Microstegium vimineum
(Trin.) A. Camus).
1.2

Objectives for Study 1
In my first study, I will compare the effectiveness of four control methods for reducing

M. vimineum coverage that are cost effective and readily available to private landowners in the
southeastern United States: application of glyphosate, removal by hand, mechanical removal, and
the application of vinegar. The specific objectives of the first study are to: (1) compare
effectiveness of four control methods for reducing M. vimineum cover among spring, summer,
and autumn application periods, and (2) evaluate species richness response to treatments and M.
vimineum removal by comparing Shannon’s Index of baseline and post-treatment vegetation
communities. It is hypothesized that the application of glyphosate will be most effective at
reducing M. vimineum coverage during the spring and summer applications considering past
studies have observed a 75-100% decrease of M. vimineum biomass when post-emergent
herbicides were applied (Flory, 2010; Hall et al. 2014). Furthermore, it is hypothesized that
species richness will be inversely related to M. vimineum coverage. However, the treatments that
reduce M. vimineum coverage and are also selective, would likely support greater species
richness post-treatment. Hand-pulling is the only selective treatment to be employed in this
study. If all M. vimineum biomass is removed, then this method should be successful in
increasing species richness. Glyphosate, vinegar, and mechanical removal are non-selective and
can affect all plant species during M. vimineum removal. Species richness will depend on the
2

growth characteristics of native species and how they respond to these non-selective treatments
in each of the seasons of treatment for these plots.
1.3

Objectives for Study 2
Evidence from the literature shows that invasion of M. vimineum reduces species

richness. The reduction of species richness, due to the presence of M. vimineum and/or control
methods used to remove M. vimineum can affect management decisions, especially for fauna that
require diverse flora communities. In my second study, I will evaluate species richness response
to the most effective treatments for M. vimineum removal as determined from Study 1 and
compare plant species richness and diversity (Shannon’s Index) of baseline and post-treatment
vegetation communities. It is hypothesized that species richness and diversity will be inversely
related to the amount of M. vimineum coverage remaining. Glyphosate is a non-selective
herbicide, and I expect species richness to be less or the same as baseline measurements of
species richness. Despite vinegar being applied completely across the plot, Beam et al. (2022)
found that study areas treated with vinegar had greater than or similar species richness as the
baseline post-treatment.
1.4

Conclusion
As a result of this work, I hope to provide land managers with additional knowledge on

treatment options in order to choose one that best fits their management goals for their property,
while providing control from Microstegium vimineum. An increase in private landowner
knowledge on the treatment of M. vimineum and the benefits treatment can provide for plant
diversity is critical in ensuring that control of invasive species occurs on the abundance of land
that is privately owned throughout North Carolina and the United States. It is my hope that
3

additional studies, framed with the private landowner in mind, will continue to emerge in order
to further expand landowner knowledge on treatment of this invasive and others so that a
widespread impact is made in combatting invasives on private lands.

4

CHAPTER II
EVALUATION OF LANDOWNER ACCESSIBLE CONTROL METHODS FOR JAPANESE
STILT GRASS (MICROSTEGIUM VIMINEUM)
2.1

Introduction
Globalization has increased the spread of invasive species and is of particular concern in

the southeastern United States. One invasive plant species is Japanese stilt grass (Microstegium
vimineum (Trin.) A. Camus), an annual, C4 grass physiologically suited for dry, open, sunlit
conditions (Flory 2010; Hall et al. 2014; Judge et al. 2005). Native to southeast Asia, M.
vimineum was unintentionally introduced to the United States in Tennessee during the early
1900s (Barkworth et al. 2003; Ehrenfeld 2001; Fryer 2011; Hall et al. 2014; Judge et al. 2005)
when it was used as packaging material for Chinese porcelain (Culpepper et al. 2018). Currently,
M. vimineum is found in 27 states and Puerto Rico; however, it is most noted as a serious
problem in the eastern United States (EPPO 2016; North and Torzelli 2017). Unlike many C4
grasses, this species has high habitat plasticity and can be found in a variety of low light, mesic
conditions with moderate soil moisture and in soils with varying nutrient levels across upland
and riparian areas (Hall et al. 2014; Judge et al. 2005).
Microstegium vimineum can produce up to 1000 viable seeds during the growing season,
and seeds can remain viable for two to five years in the soil seedbank (Gibson et al. 2002,
Redwood et al. 2018). Seeds are easily disseminated by a variety of vectors (e.g., vehicles,
clothing, animal fur; Manee et al. 2015), including natural and anthropogenic disturbances (Hall
5

et al. 2014; Ward and Mervosh 2012). One example of seed dispersal through natural disturbance
is flooding, because seeds are light-weight, buoyant, and therefore easily dispersed by water
(Flory 2010; Nees 2016). Anthropogenic methods of transport include the transport of soil
containing M. vimineum seeds (Christen and Matlack 2009; Rauschert et al. 2010), timber
harvesting using equipment that has worked in prior invaded areas and not been cleaned (Nees
2016), and attachment to human clothing and animal fur (EPPO 2016).
Microstegium vimineum has a competitive advantage among some native vegetation due
to its ability to grow in a variety of soil and light conditions (Cutway 2017). Microstegium
vimineum can occur in dry, sunlit locations such as open areas, blowdowns, hillsides, and
manicured lawns, in addition to invading more heavily shaded areas like closed canopy forests
(Flory 2010). Even at light levels as low as 18%, M. vimineum experiences little reduction in
growth and often outcompetes and displaces other understory vegetation (Judge et al. 2005;
Ward and Mervosh 2012). Because M. vimineum is widely dispersed and can establish in mesic
conditions this species is often found along roadsides and riparian areas (Cole and Weltzin 2004,
Hall et al. 2014; Manee et al. 2015, North and Torzelli 2017).
Once established, M. vimineum forms dense monocultures that slowly decompose at the
end of the growing season, creating a mat of dense plant material inhibiting the regeneration of
native species (Hall et al. 2014; Ward and Mervosh 2012). Even after a disturbance, M.
vimineum’s direct competition for resources and hypothesized allelopathy lead to decreased
regeneration of native herbaceous plants and trees (EPPO 2016; North and Torzelli 2017; Pisula
and Mieners 2010; Ward and Mervosh 2012). Pisula and Mieners (2010) found M. vimineum can
inhibit germination through allelopathy of coexisting species within an ecosystem.
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The ability of M. vimineum to outcompete native plant species and alter conditions
conducive to native vegetation is concerning (Culpepper et al. 2018, North and Torzelli 2017).
Reductions in native plant diversity reduce habitat quality for wildlife and pollinators (Ward and
Mervosh 2012). Frey and Schmitt (2015) found that white-tailed deer (Odocoileus virginianus)
avoid eating M. vimineum, as do other foragers. In addition, forests infested with M. vimineum
can reduce aesthetic appeal and lead to decreased utilization of public parks and nature preserves
(Ward and Mervosh 2012).
Methods of M. vimineum control include prescribed fire, application of pre- and/or postemergent herbicides, hand pulling, and mowing. Prescribed burning can increase M. vimineum
growth post-fire (Wagner and Fraterrigo 2015; Ward and Mervosh 2012). Pre-emergent
herbicides have been shown to have variable effects on M. vimineum emergence and
reproduction. For example, Judge et al. (2015) found that pre-emergent herbicides reduced M.
vimineum biomass by 87% for at least eight weeks. Post-emergent herbicides, including those
registered for aquatic use, can be highly effective control methods. Studies show up to a 97%
reduction of M. vimineum biomass eight weeks after application (Flory 2010) and 75%-100% six
weeks after application (Hall et al. 2014). Ward and Mervosh (2012) showed that some postemergent herbicides were equally effective at reducing M. vimineum biomass when applied at
low doses as when applied at higher doses; however, using a low dosage of herbicide may
require additional applications within the same season. Applications of post-emergent herbicides
must be repeated annually, or M. vimineum will return to levels equivalent to untreated stands
(Frey and Schmitt, 2015; Hall et al. 2014; Judge et al. 2005; Ward and Mervosh 2012). The
effectiveness of hand-pulling largely depends on the size of the treatment area (EPPO 2016;
Ward and Mervosh 2012) and the care taken to completely remove all stems (Flory 2010). For
7

smaller sites where hand pulling would be feasible, hand pulling is considered the best and most
cost-effective method of control when completed at the end of the growing season before seed
release (EPPO, 2016). Mowing and trimming was found to lead to an 82% loss of M. vimineum
biomass during treatment years when performed during July or August (Ward and Mervosh
2012). However, a similar study by Flory and Lewis (2009) found that September or October
mowing and trimming treatments were more effective. The difference in timing between the two
studies could be due to the different phenological timing of the study locations. Ward and
Mervosh (2012) completed their study in Connecticut, whereas Flory and Lewis (2009)
completed their study in Indiana, which is more southern and would have an extended growing
season relative to Connecticut. Mowing and trimming must be repeated in subsequent years, or it
is hypothesized that M. vimineum biomass will return to levels of biomass present prior to the
treatment application (Ward and Mervosh 2012). Thus, the seasonal timing of treatment
applications is emerging as an important consideration of M. vimineum control.
With the threat that M. vimineum poses as an invasive species in forests evident, effective
treatments for reducing M. vimineum cover need further evaluation among more diverse
landscapes. Information is also needed regarding native vegetation responses to treatment
applications including treatment types, rates, and timing. Prior studies regarding M. vimineum
removal have investigated several control methods but lacked side-by-side comparisons to assess
treatment effectiveness. Therefore, the objectives of this chapter are to: 1) compare effectiveness
of four control methods for reducing M. vimineum cover among spring, summer, and autumn
application periods that are readily available and cost-effective to landowners in the southeastern
United States and 2) evaluate species richness response to treatments and M. vimineum removal
by comparing Shannon’s Index of baseline and post-treatment vegetation communities.
8

2.2
2.2.1

Materials and methods
Study site
The study occurred in Denver, North Carolina (35.512°, -81.093°), in the western

Piedmont, at ~ 235 meters (m) above sea level with minimal changes in topography (0-2% slope;
Lincoln County GIS, Lincolnton, NC). Summer temperatures average 27.5 °C, and winter
temperatures average 8.6 °C (U.S. Department of Commerce, NOAA 2021). Average annual
precipitation for the area was 119.6 centimeters (cm) (U.S. Department of Commerce, NOAA
2021). The soil type present throughout the study site was Chewlaca loam (Lincoln County GIS,
Lincolnton, NC). Chewlaca loam soils are somewhat poorly drained with moderate permeability
(U.S. Department of Agriculture, NRCS Soil Survey 2021). The study site was located within a
bottomland hardwood forest that is ~ 100 contiguous hectacres (ha). The forest was comprised
predominantly of yellow-poplar (Liriodendron tuipifera L.), American beech (Fagus grandifolia
Ehrh.), red maple (Acer rubrum L.), and sweetgum (Liquidambar styraciflua L.). The midstory is
largely absent, but where present, mostly comprised of F. grandifolia. The understory is
predominantly M. vimineum and sparse Christmas fern (Polystichum acrostichoides Michx.).
The site was chosen primarily because of the high-density coverage of M. vimineum.
2.2.2

Experimental design
Within the study site, three study areas (~30 m2) were designated as treatment blocks.

Within each study area, four treatments were implemented as well as a control (n = 5 treatment
plots per block) among individual treatment plots of 2x2 m (4- 2) with a 1-m buffer between
plots. Basal area of overstory trees in each treatment block was determined within a 11.3-m fixed
radius plot, and average canopy height of dominant and codominant trees measured using a
clinometer (Ashton and Kelty 2018). Percent M. vimineum in each plot was estimated using an
9

ocular estimation of cover in 10 percent interval categories (e.g., 0,10, 20, 30, …, 100%; Ward
and Mervosh 2012). All understory vegetation within the 4 m2 treatment plot was identified.
Understory species richness was determined from the number of unique species in each plot.
Understory species diversity was determined using the Shannon-Wiener Index. For species
richness and diversity, M. vimineum was not included in calculations. Study areas had similar M.
vimineum understory coverage density, based on ocular observation.
2.2.3

Treatment applications
To assess the effectiveness of different M. vimineum control methods, four treatments

were identified that were easily accessible to landowners: (1) herbicide application (glyphosate),
(2) mechanical removal (mechanical trimmer), (3) manual removal (hand pulling), and (4)
herbicide alternative (vinegar). Each removal treatment was then compared to a control (no
treatment). The herbicide application consisted of a 2% solution of glyphosate, a broad-spectrum
active ingredient, readily available to consumers using the pre-mixed solution Roundup® Readyto-Use and its built-in spraying wand [2% glyphosate (isopropylanite salt), 2% pelargonic acid
and related fatty acids, 96% other ingredients; Monsanto Company, Marysville, OH]. The
herbicide alternative application consisted of common white vinegar (acetic acid content of 5%)
applied using a spray bottle. Both spray solutions were applied in the mid-morning in all seasons
during dry conditions with no precipitation during the 24 to 48-hour post-application window.
The mechanical removal application removed aboveground M. vimineum stems but left roots
intact using a STIHL Pro Series FS70 R string trimmer. The manual removal application
removed whole stems and root systems of M. vimineum biomass via hand-pulling. Any cut M.
vimineum biomass remaining after manual treatment was removed from the plot and discarded
outside of the study area.
10

2.2.4

Post-treatment data collection and analysis
All treatments were applied in early March 2020, early July 2020, and late September

2020, coinciding with phenological stages of M. vimineum development in the Piedmont of
North Carolina. These stages were immediately after germination, after full stem expansion and
moderate growth into the middle of growing season, and prior to seed-set for M. vimineum. Six
weeks post-treatment, percent coverage of M. vimineum, understory vegetation species richness,
and understory species diversity were measured for each treatment using the same methods for
pre-treatment assessments. Post-treatment measurements were compared to pre-treatment
measurements to determine treatment impacts (e.g., treatment type and timing) on M. vimineum
coverage and species richness using analysis tools within Microsoft® Excel®. Shannon-Weiner
Index was used to compute the species richness post-treatment.
2.3

Results
Removal of M. vimineum was most effective in the herbicide treatment with glyphosate

(98 ± 0% average removal), followed by the herbicide alternative treatment with vinegar (79 ±
21% removal), and mechanical removal treatment (48 ±15% removal) (Figure 2.1). Hand pulling
was the least effective treatment for the removal of M. vimineum at 28 ± 14% (Figure 2.1).
Glyphosate had consistent results for removal among seasons. Control of M. vimineum via
vinegar and mechanical removal were more effective in the summer and autumn treatment
applications than spring (Figure 2.1). Hand pulling was slightly more effective at M. vimineum
removal in the summer compared to spring or autumn treatment applications, but never resulted
in more than 50% removal in any seasonal application (Figure 2.1).

11

Figure 2.1

Percent Microstegium vimineum removed for each treatment type and time of
application.

Average species diversity, as measured by the Shannon-Weiner Index, was low across all
plots during the pre-treatment period due to M. vimineum dominance (Table 2.1). Six weeks
following treatment applications, species diversity increased among all treatments and seasons.
Following spring treatments, increases in plant diversity were modest, while greater increases in
diversity were observed following summer and autumn treatments. Removal by hand resulted in
the largest overall plant diversity in spring (0.99), herbicide alternative treatments with vinegar
resulted in the greatest overall plant diversity in summer (1.32), and mechanical removal resulted
in the largest overall plant diversity in autumn (1.03). The greatest species richness in any
treatment plot was observed after the summer application (1.32) with five species present among
23 individual stems. Glyphosate, despite being one of the more effective treatments for biomass
removal, had adverse effects on species richness and had the least species richness and diversity
over all the plots and application times (Table 2.1).
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Table 2.1

Species richness as measured by unique individuals with number of stems in
parentheses, and species diversity as measured by the Shannon-Wiener Index
(SWI)a in study plots prior to and 6 weeks post-treatment applications across all
three seasons.

Treatment

Pre-Treatment
Species (stem count)

SWI

Parthenocissus quinquefolia (2)

0.00

Polystichum archo-stichoides (1)
Vitus rotundifolia (2)

0.64

Mechanical Removal

Allium canadense (2)
Ligustrum sinense (1)

0.64

Allium canadense (4)
Polystichum archostichoides (3)

0.68

Manual Removal

Ligustrum sinense (1)
Polystichum achrostichoides (1)

0.69

Lespedeza sp. (5)
Ligustrum sinense (2)
Polystichum archostichoides (2)

0.99

Vinegar

Acer rubrum (1)
Ligustrum sinense (2)

0.64

Acer rubrum (3)
Allium canadense (1)
Ligustrum sinense (10)

0.76

Control

No other species presentb

0.00

Allium canadense (1)
Polystichum achrostichoides (2)

0.64

Summer
Herbicide

Ligustrum sinense (2)

0.00

Ligustrum sinense (1)
Polystichum achrostichoides (3)

0.56

Mechanical Removal

Ligustrum sinense (3)

0.00

Allium canadense (1)
Ligustrum sinense (5)
Polystichum archostichoides (3)
Vitus rotundifolia (1)

1.17

Manual Removal

Ligustrum sinense (2)

0.00

Lespedeza sp. (5)
Ligustrum sinense (2)
Vitus rotundifolia (1)

0.90

Vinegar

Ligustrum sinense (3)

0.00

Allium canadense (4)
Lespedeza sp. (2)
Ligustrum sinense (15)
Polystichum achrostichoides (4)
Rubus fruticosis (3)

1.32

Control

Ligustrum sinense (2)

0.00

Ligustrum sinense (3)
Panicum virgatum (1)
Lespedeza (1)

0.95

Spring
Herbicide
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Post-Treatment
Species (stem count)

SWI

Table 2.1 (continued)
Autumn
Herbicide
Mechanical Removal

a
b

Parthenocissus quin-quefolia (3)
Allium canadense (2)
Ligustrum sinense (2)

0.00
0.69

Allium canadense (5)
Allium canadense (10)
Ligustrum sinense (9)
Vitus rotundifolia (4)

0.00
1.03

Manual Removal

Ligustrum sinense (1)
Polystichum archo-stichoides (2)

0.64

Ligustrum sinense (3)
Polystichum archostichoides (4)

0.68

Vinegar

N/A

0.00

Carya tomentosa (1)
Ligustrum sinense (4)
Polystichum archostichoides (3)

0.97

Control

Ligustrum sinense (1)

0.00

Carya tomentosa (1)
Ligustrum sinense (5)

0.45

For species richness and diversity, M. vimineum was not included in calculations.
Only M. vimineum present.
The greatest variety of species returning six weeks post-treatment occurred in plots

treated with vinegar in the summer with five different species emerging post-treatment, followed
by the summer mechanical removal plot which had four different species emerge (Table 2.1).
The control plot and manual removal plots had similar numbers, but different species emerged
post-treatment in each plot (two to three different species); however, the herbicide plots had the
least number of species emerge post-treatment (one to two different species per plot; Table 2.1).
2.4

Discussion
Herbicide application with glyphosate was the most effective treatment at reducing M.

vimineum biomass. Post-emergent applications of ﬂuazifop-P-butyl, acetic acid, pelargonic acid,
imazapic, fenoxaprop-p-ethyl, glufosinate, glyphosate, clethodim, quinclorac, sethoxydim, and
Monosodium Methanearsonate have all been considered effective treatments (Flory 2010; Frey
and Schmitt 2015; Hall et al. 2014; Judge et al. 2005; Ward and Mervosh 2012). Flory (2010)
found that the application of a post-emergent herbicide was more effective than hand pulling in
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treating an area for M. vimineum. Despite being the most effective treatment at removing M.
vimineum, herbicide had a negative correlation with species richness and diversity.
Glyphosate is a broad-spectrum, non-selective herbicide often killing plants within two
weeks (Franz et al. 1997). Six weeks after treatment, few species could have recovered or
established due to the wide-ranging impact of glyphosate. In their review of glyphosate impacts
on natural communities, Sullivan and Sullivan (2003) found vascular plant species richness was
unaffected or increased in most (83%) studies after treatment. Miller and Miller (2004), along
with others in a special issue of The Wildlife Society Bulletin, emphasized the short-term
negative impacts (3-5 years) and selective impacts of forest herbicide applications on plant
biodiversity, including broad spectrum glyphosate. However, Miller and Miller (2004) also
showcased the unique advantages of selective herbicides for targeting unwanted plant pests.
Future studies should explore selective herbicide impacts on M. vimineum and associated species
richness and diversity. Such approaches could also help identify coexisting heterospecifics that
may be released by treatments and tolerant of M. vimineum allelopathy (Pisula and Mieners
2010) such as other exotic species. Ligustrum sinense is one example of an exotic found in this
study that was present pre-treatment and subsisted post-treatment. Monitoring species richness
and diversity recovery over longer periods (> 6 weeks post-treatment) could also identify optimal
control methods for multiple objectives of M. vimineum control and native plant species
conservation.
After herbicide application, vinegar (an herbicide alternative) and mechanical removal
were the next most effective controls of M. vimineum. These two treatments also had the greatest
species richness and diversity measures, even greater than the untreated control plot. The
removal of M. vimineum by vinegar and mechanical removal likely stimulated the seedbank and
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provided access resources to other native species. The ability of vinegar and mechanical removal
to reduce M. vimineum cover and promote species richness and diversity would make them
attractive options for private landowners with management goals that favor a more diverse
herbaceous understory compared to herbicide application. These two treatments had the greatest
success in the summer and autumn applications. That is likely because M. vimineum was unable
to recover from having expended resources earlier in the growing season. Understanding the
seasonal dynamics of M. vimineum control options is critical to ensure treatments are effective
both ecologically and economically to the landowner. Additionally, understanding how repeated
annual applications of these treatments affects M. vimineum is an important next step in
developing guidance for landowners to control M. vimineum.
Hand pulling was the least effective treatment application for M. vimineum removal.
Hand pulling was the most labor intensive of all the treatment applications and required every
stem and root system to be extracted from the soil to be effective (Flory 2010). Given the
physical labor required to achieve <50% M. vimineum removal rate through hand pulling, this
treatment application is less likely to be adopted by landowners and land managers when other
less intensive and more successful treatment options exist.
2.5

Conclusions
My results suggest that chemical applications of commercial and alternative herbicides

(e.g., glyphosate and vinegar) were most successful at reducing M. vimineum coverage and
alternative herbicides likewise resulted in greater species diversity in treatment plots. We can
conclude from these results that these two methods of control would be more favorable options
for private landowners in the area of this study and that other treatment options observed,
mechanical control and hand pulling, would be less favorable options for reducing M. vimineum
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coverage and increasing species diversity. Due to the success of glyphosate and vinegar in the
first portion of the project, these two treatments should be considered first for M. vimineum
control efforts with the Piedmont region of North Carolina. However, cost-effectiveness of any
treatment herein was not evaluated in this research effort but may differ by the spatial scale of
the treatment area and available applicator equipment.
2.6
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CHAPTER III
SEASONAL COMPARISON OF HOUSEHOLD VINEGAR AND GLYPHOSATE
TREATMENTS ON MICROSTEGIUM VIMINEUM REMOVAL IN THE
NORTH CAROLINA PIEDMONT
3.1

Introduction
Microstegium vimineum, commonly known as Japanese stilt grass, is an invasive species

found in the Piedmont of North Carolina as well as across the eastern United States and portions
of the Midwest. Originating from southeastern Asia, M. vimineum was brought to the United
States in packing material in Tennessee (Fairbrothers and Gray 1972) and eventually spread to
North Carolina in 1933 (Blomquist 1948). This annual grass is a C4 grass that is physiologically
suited for arid, sunlit conditions with no to low levels of tree canopy present; however, M.
vimineum has a high habitat plasticity which allows it to also establish and thrive in closed
canopy forests, even in forests with light levels as low as 18% reaching the forest floor (Judge et
al. 2005). Within forests, M. vimineum is commonly found along old logging roads and riparian
areas, and in urban areas in yards and roadsides (Barden 1987; Hunt 1982).
An individual M. vimineum stem can produce over 1000 viable seeds annually and large
colonies create dense monoliths as they decompose each year (Judge et al. 2008). Seeds can be
transported by natural and anthropogenic means. Heavy machinery used for logging and grading,
human clothes, and vehicle tires are examples of anthropogenic sources of spread (Christen and
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Matlack 2009). Flooding of bottomlands where M. vimineum occurs is a common cause of
natural seed dispersal (Barden 1987).
Invasion of M. vimineum can have numerous ecosystem impacts. Microstegium vimineum
increases soil nitrification rates in areas that it invades (Ehrenfeld et al. 2001). It is hypothesized
that this is due to accelerated microbial activity in soils inhabited by M. vimineum (Lee et al.,
2012) and/or by the ability of M. vimineum to increase soil pH, thus increasing nitrification
(Kourtev et al. 2003). Native soils are often N-deficient so the increase in nitrates correlates with
increased M. vimineum growth over that of native vegetation because M. vimineum has a higher
nutrient-use efficiency (Kourtev et al. 2003). Microstegium vimineum is able to compensate for
sub-optimal levels of one resource when there is a sufficient supply of other resources, thus
maintaining competitiveness even when conditions are not ideal (Claridge and Franklin 2003).
Unlike most native forbs, M. vimineum is a stoloniferous species, meaning that it colonizes
through stolons which form at the nodes to create new plants (de Kroon and Schieving 1991).
Overall, stoloniferous plants are more readily able to adapt to sub-optimal light and resource
levels than non-stoloniferous plants (de Kroon and Schieving 1991).
Microstegium vimineum is also low-quality forage for wildlife. Stems are not palatable to
white-tailed deer or other foragers (Frey and Schmitt 2015) and are of low use to pollinators due
to the easy dislodgement of chasmogamous flowers and the ability of the plant to reproduce
through cleistogamous flowers (Ward and Mervosh 2012). As a result, M. vimineum reduces the
capacity of ecosystems to support pre-invasion wildlife levels. As such, effectively treating M.
vimineum in infested areas could support the recovery of natural plant communities and improve
wildlife habitat quality (Flory 2010, Judge et al. 2008).
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Removal of M. vimineum can be accomplished through the application of herbicide. One
herbicide that can be used to treat M. vimineum is glyphosate. Glyphosate is a non-selective
herbicide that kills grasses and forbs by inhibiting the enzyme 5-enolpyruvyl-shikimate-3phosphate synthase (EPSPS) of the shikimate pathway (Duke and Powles 2008). This causes the
plant to have insufficient amino acid production, eventually killing the plant (Duke and Powles
2008). Glyphosate is a post-emergent herbicide that is applied via a foliar application and has
been shown to be highly effective at reducing M. vimineum biomass. Ward and Mervosh (2012)
found that removal of M. vimineum using glyphosate was over 95% effective at reducing cover
and 99% effective at reducing seed production. Similarly, Judge et al. (2005) found that
application of glyphosate was 83-90% effective at M. vimineum removal. Both studies concluded
that one application of glyphosate may be sufficient for two years of control due to the reduction
of seed (Judge et al. 2005; Ward and Mervosh 2012). Hall et al. (2014) found a greater
variability in glyphosate success, finding that in riparian areas in North Carolina, the application
of glyphosate was anywhere from 8%-100% effective at removing M. vimineum. This could be
due to subsequent weather conditions or attempts to apply glyphosate at lower concentrations.
Vinegar has recently become of interest for use as a non-synthetic herbicide in organic
gardening (Brainard et al. 2013). The use of vinegar for weed control for broadleaved weeds in
cotton fields showed that vinegar was effective at removing weeds in the first season of
application, but not as effective as the synthetic herbicide glyphosate (Hoffman and Regnier
2006). Varying concentrations of acetic acid in vinegar can affect how successful treatment is at
removing a target species (Radhakrishnan et al. 2002). Booth and Skelton (2009) found that
vinegar with 8% acetic acid content was not effective until the end of two years of regular
applications. Similarly, Radhakrishan et al. (2002) found that acetic acid concentrations of 20
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and 30% were effective at treating target species common to corn crops. Usage of a surfactant,
such as orange oil, was found to increase the efficacy of household vinegar when treating grass
species but control was still not at levels seen with vinegar with 20 to 30% acetic acid content
(Webber and Shreffler 2007). There was no additional level of control when a surfactant was
used to treat broadleaved weeds (Webber and Shrefler 2007).
Vinegar effectiveness as an alternative to typical herbicides can also vary by temperature
and relative humidity at time of application. Studies by Moran and Greenberg (2008) and
Brainard et al. (2013) found that efficacy rates of vinegar improved when applied during days of
high relative humidity. Improved success of treatment due to high relative humidity may occur
due to stomatal opening in plants in response to humidity or due to the drops of vinegar
persisting longer on the leaves of the plant increasing absorption amount (Hammerton 1967).
Temperature increases were found to have a small positive correlation with the success of
treatment with vinegar at a 5%- 20% acetic acid concentration (Brainard et al. 2013;
Radhakrishnan et al. 2002). Lower concentrations of vinegar (5-10% acetic acid) were more
effective during a spring application as opposed to a autumn application when higher
concentrations were more effective (Moran and Greenberg 2008; Radhakrishnan et al. 2002).
Due to lack of ability to adequately spray the entire plant or due to increased cuticle thickness,
control of mature plants in the middle and end of the growing season was less effective than at
the start of the growing season (Hammerton 1967; Moran and Greenberg 2008). Despite the
noted observations showing the relationship between vinegar treatment success and
environmental conditions, other studies have not demonstrated these successes. In one study by
Brainard et al. (2013), a treatment application of vinegar applied during spring with high
temperatures and moderate relative humidity to Amaranthus retroflexus (pigweed) in
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Pennsylvania resulted in low levels of control. These findings were unexpected as previous
applications of vinegar in high temperatures and relative humidity had shown success (previous
treatment year showed 66 to 75% removal for acetic acid content of 10%, following year showed
20% control). Other physiological factors, such as plant cuticle thickness, may have contributed
to the low level of control in pigweed versus other target species (Brainard et al. 2013).
To address these uncertainties in treatment options and timing, a field experiment was
conducted. The first objective of the study was to quantify the impacts of seasonality on the
effectiveness of M. vimineum treatment applications to determine the most opportune time to
apply herbicide or alternative herbicide treatments in the Piedmont of North Carolina. Beam et
al. (2022) found that among four treatment options (glyphosate, vinegar, hand-pulling, and
mechanical weed whacking), glyphosate was highly effective in removing M. vimineum,
regardless of season. Vinegar was most effective when applied during summer. Glyphosate was
able to kill the plant regardless of season, as long as foliage was present. Similarly, vinegar
application is foliar but has been shown to be more affective when done in warmer temperatures
(Brainard et al. 2013). This study will extend Beam et al. (2022), which only evaluated one site
and one replicate per treatment, by investigating treatment performance across three different
study sites with replicated treatments at each site. In doing this, I will determine if results are
consistent or vary based on environmental factors at different locations.
The second objective of this chapter is to evaluate plant diversity and species richness
responses to glyphosate and vinegar application by comparing Shannon’s Index of baseline and
post-treatment vegetation communities. It is hypothesized that species richness and diversity will
be inversely related to the amount of M. vimineum coverage remaining. Glyphosate is a nonselective herbicide, and I expect species richness to be less or the same as baseline measurements
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of species richness. Despite vinegar being applied completely across the plot, Beam et al. (2022)
found that study areas treated with vinegar had greater than or similar species richness as the
baseline post-treatment. As a result of this work, I hope to provide land managers with additional
knowledge on treatment options in order to choose one that best fits their management goals.
3.2

Materials and Methods
For this study, three sites were identified based on the high density of M. vimineum

present in the understory. Two study sites were located in Lincoln County, North Carolina and
the third site was in Catawba County, North Carolina (Table 3.1).
Table 3.1

Summary of environmental conditions for the three sites utilized in this study.

Study Site

Mean
Temperature
(°C)

Mean
Precipitation
(cm)

Elevation
and
Topography

Mean
Basal
Area
(m2)

Mean
Canopy
Height (m)

Forest
Composition

Soil Series

Site #1:
Dan Reel
Road

14.8

109.5

235 m

9.3

18.3

Upland and
mesophytic
hardwoods

Chewlaca
loam

Site #2:
King
Wilkinson
Rd.

14.8

7.4

25.9

Loblolly
pine

Georgeville
clay loam

Site #3:
Harwell
Rd.

14.5

11.1

18.3

Mixed pinehardwood

Pacolett
clay loam

0-2%
slopes

109.5

265 m
8-15%
slopes

114.3

289 m
10-25%
slopes

Sites were located in the Piedmont Region of North Carolina used to evaluate plant diversity
responses to M. vimineum treatments during the 2021 growing season.
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3.2.1

Experimental Design
A randomized experimental design was deployed with the following treatments of M.

vimineum removal: glyphosate, vinegar, and control. Each treatment was replicated four times
per block, and each block was replicated three times at each study site. Individual treatment plots
were 2x2 meters (m) (4 m2) with 1 m buffer between. Basal area of overstory trees in each
treatment block was measured within a 11.3 m fixed radius plot and average canopy height of
dominant and codominant trees was measured using a clinometer. All understory vegetation
within the 4-m2 treatment plot was identified and divided into height classes as follows: <0.30 m,
0.30 – 0.91 m, and +0.91 m. Percent M. vimineum in each plot was estimated using an ocular
estimation of cover in ten percent intervals (e.g., 0,10, 20, 30, …, 100%; Ward and Mervosh
(2012)). Species present, excluding M. vimineum, were counted and the species of other
vegetation were recorded in each plot.
3.2.2

Treatment applications
Glyphosate and vinegar were selected to compare traditional and alternative herbicides as

an M. vimineum control method. The glyphosate solution application consisted of 2% glyphosate
[ 2% glyphosate (isopropylanite salt), 2% pelargonic acid and related fatty acids, 96% other
ingredients] and was applied using a spray pump at a rate of ~10.25 militer/ meter2 (mL/m2 )per
plot. The alternative herbicide consisted of common white vinegar (5% acetic acid) and was
applied using a spray bottle at a rate of ~41 mL/m2 per plot. Both sprays were applied directly to
the foliage of all understory species in each plot. Application occurred during mid-morning and
occurred with no future precipitation following in a 48-hour post-application window. Control
plots with no M. vimineum control treatment were also established.
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3.2.3

Post-treatment data analysis
Treatments were applied in March, July, and September 2021 and coincided with the

start, middle and end of the growing season for M. vimineum in the Piedmont of North Carolina.
Six weeks post-treatment, ocular estimation of M. vimineum cover was completed again and
recorded. A count of species remaining other than M. vimineum was done to calculate the
Shannon-Weiner Index post-treatment. At the end of the growing season, aboveground biomass
from each plot was collected and dried for one week in the open air. It was then dried for six
additional hours at 105°C and upon completion of drying, weights were taken. Post-treatment
measurements were compared to pre-treatment measurements to determine treatment impacts
(e.g., treatment type and timing) on M. vimineum coverage, Shannon-Weiner Index results, and
remaining M. vimineum biomass using ANOVA analysis and post-hoc testing in Microsoft
Excel.
3.3
3.3.1

Results
Treatment effectiveness
Overall, glyphosate was the most successful treatment for M. vimineum removal (Figure

3.1). Treatment application type was significant (p < 0.001), while the season application
occurred did not affect the efficacy of treatment for any of the three treatments (p = 0.717)
(Table 3.2). Across all seasons, vinegar was 50% as effective at removing M. vimineum when
compared to glyphosate. Removal of M. vimineum using vinegar was a little more than half as
effective as the use of glyphosate overall treatments (59 ± 3%, p < 0.001, Table 3.3). Success of
treatment application did not vary significantly by season for glyphosate (p = 0.910) with
effective removal despite the season (97 ± 1%, Table 3.3). Vinegar application had the greatest
removal of M. vimineum in the spring season (58 ± 2%).
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Figure 3.1

Average percent of M. vimineum coverage removed for each of two treatments and
controls across three seasons during the 2021 growing season in the Piedmont
Region of North Carolina. Error bars represent standard errors.

Table 3.2

ANOVA results of treatment effectiveness in reducing M. vimineum cover based
on the treatment application type and the season in which the treatment was
applied.

Source of Variation

SS

df

MS

F

P-value

F crit

163992.4

2

81996.2

822.336

<0.001

3.088

Season

53.4

2

26.7

0.268

0.766

3.088

Treatment x Season

396.5

4

99.1

0.994

0.414

2.464

Within

9871.4

99

99.7

174313.7

107

Treatment

Total

Sites were located in the Piedmont of North Carolina and measurements were from 2021.
ANOVA analysis was done in Microsoft Excel.
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Table 3.3

Average seasonal removal of M. vimineum by different treatments.

Treatment

Spring

Summer

Autumn

Overall Average

Glyphosate

97% a

97% a

97% a

97% a

Vinegar

58% b

54% b

52 %b

55%

Control

1% c

1% c

7% c

3%

Differences among treatments within a given season are denoted by different lower-case letters
in a column. No differences in M. vimineum removal were observed across season within a
single treatment, so no lettering is displayed.

3.3.2

Species Richness
Prior to treatment, the presence of herbaceous species other than M. vimineum was

minimal. Six weeks post-treatment, the plots treated by vinegar had the greatest amount of
returning and differing stems per plot for each of the three seasons (Figure 3.2). Seasonally, plots
in the summer vinegar treatments had the most stems returning post-treatment (n = 83 stems
among all plots excluding M. vimineum; Figure 3.2). In the autumn and summer treatments,
application of glyphosate resulted in a greater stem count of species returning, other than M.
vimineum, than that of the untreated control plots (Figure 3.2). Vinegar in the summer and
autumn the highest number of stems returning per plot (n = 83 and 80 stems, respectively).
Herbaceous species that returned post-treatment were Polystichum acrostichoides, Vitus
rotundifolia, Parthenocissus quinquefolia, Rubus occidentalis, Allium canadense, Smilax
rotundifolia, Callicarpa americana, and Ligustrum sinense (Figure 3.2). Tree species that
occurred within the plots post-treatment include Liriodendron tulipifera, Liquidambar
styraciflua, Quercus alba, and Fagus grandifolia.
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Figure 3.2

Count of returning stems per plot and species for each of the plots established in
the Piedmont of North Carolina in 2021 within the treatment/season pairing on the
y-axis.

Species diversity, as measured via the Shannon-Weiner Index, varied across treatment
application (p < 0.001) and season (p = 0.006) (Table 3.4). Vinegar application in the autumn
had the greatest average species diversity (SWI = 0.766), and the least average species diversity
occurred in the summer control plots (SWI = 0.174) (Figure 3.3). Within the autumn season,
there were significant differences in the Shannon-Weiner Index between glyphosate (SWI =
0.262) and vinegar (SWI = 0.766) (p = 0.001), and vinegar (SWI= 0.766) and control
applications (SWI = 0.215) (p < 0.001; Table 3.5). Within a treatment application type however,
only controls showed significant differences in the Shannon-Weiner Index between seasons
(spring SDI = 0.575 vs. summer SDI = 0.174; Table 3.5).
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Figure 3.3

Average Shannon-Weiner Index for each of the treatments in each of the seasons
observed for the M. vimineum removal study that occurred in the Piedmont of
North Carolina in 2021.

Table 3.4

ANOVA results of Shannon-Weiner Index in plots six weeks after treatment
applications based on treatment type and season.

Source of Variation

SS

df

MS

F

P-value

F crit

Treatment

2.150

2

1.070

7.74

<0.001

3.09

Season

1.506

2

0.753

5.42

0.006

3.09

Treatment x Season

0.804

4

0.201

1.44

0.224

2.46

Within

13.7

99

0.138

Total

18.2

107

Sites were located in the Piedmont of North Carolina. Measurements were taken in 2021.
ANOVA analysis was completed in Microsoft Excel.
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Summary of Shannon’s Diversity Index in plots six weeks after treatment
applications based on treatment type and season of application.

Table 3.5
Treatment

Spring

Summer

Autumn

Overall Average

Glyphosate

0.452 aA

0.279 aA

0.262 aA

0.331

Vinegar

0.729 aA

0.514 aA

0.766 bA

0.670

Control

0.575 aA

0.174 aB

0.215 aB

0.321

Lower case letters within a column denote treatment differences within a given season. Upper
case letters across a row denote seasonal differences within a given treatment.

3.3.3

Biomass
At the conclusion of the growing season, biomass was harvested from each plot. Control

plots had the greatest average biomass (13.83 grams (g)), followed by vinegar (36.11 g) and
glyphosate (84.05 g) (Figure 3.4). The amount of biomass remaining post treatment varied by
treatment type (p < 0.001) and season of treatment (p < 0.001) (Table 3.6). Post-hoc tests show
that biomass varied significantly for glyphosate between the summer (20.56 g) and autumn
applications (6.02 g) (p = 0.001) and the autumn (6.02 g) and spring applications (14.91 g) (p =
0.001; Table 3.7). Overall, the least biomass remaining occurred when treatments were applied
in the autumn season. However, there was no significant variation in biomass between seasons in
vinegar treatment plots (p = 0.564; Table 3.7). The control plots varied in biomass between the
summer (94.28 g) and autumn application (74.72 g) (p < 0.001).
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Figure 3.4

Average biomass remaining in plots at the end of the growing season for each of
the treatments in each of the seasons observed for the Microstegium vimineum
biomass study occurring in the Piedmont of North Carolina in 2021. Biomass
weights include M. vimineum.

Table 3.6

ANOVA results of biomass remaining six weeks post treatment based on treatment
type and season.

Source of Variation

SS

df

MS

F

P-value

F crit

Treatment

92693.6

2

46346.8

238.8

<0.001

3.09

Season

2957.7

2

1478.9

7.62

0.008

3.09

Treatment x Season

996.8

4

249.2

1.28

0.280

2.46

Within

19213.7

99

194.08

Total

115861.8

107

Study sites were located in the Piedmont of North Carolina. Measurements were taken in 2021.
ANOVA analysis was completed in Microsoft Excel.
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Comparing efficacy of treatment within each season showed that there was a difference
in average biomass between the two treatments and controls within each season. In the spring,
the amount of biomass remaining was different in each of the three treatments (p < 0.001), with
glyphosate treatments having 63% less biomass than vinegar treatments, which in turn had 52%
less biomass remaining than control treatments (Table 3.7). In the summer, glyphosate and
vinegar treatments had similar levels of biomass remaining, which was 70% lower than the
biomass remaining in control treatments (Table 3.7). Finally, in autumn, glyphosate treatments
resulted in 82% less biomass remaining compared to vinegar treatments, which in turn had 57%
less biomass remaining compared to control treatments (Table 3.7).
Table 3.7

Summary of aboveground biomass remaining (g) in plots after one year of
applications of M. vimineum removal treatments and across seasons.
Spring

Summer

Autumn

Average biomass

Treatment

(g)

(g)

(g)

(g)

Glyphosate

14.91 Aa

20.56 Aa

6.02 Ba

13.83

Vinegar

40.00 Ab

36.01 Aa

32.32 Ab

36.11

Control

83.15 Ac

94.28 Bb

74.72 Cc

84.05

Lower case letters within a column denote treatment differences within a given season. Upper
case letters across a row denote seasonal differences within a given treatment.

3.4

Discussion
Glyphosate was the most successful treatment for removing M. vimineum when evaluated

six weeks post-treatment and had long-lasting results as evidenced by the low level of biomass
remaining at the end-of-season. This finding is consistent with other studies looking at the
success of glyphosate in reducing M. vimineum cover (Hall et al. 2014; Judge et al. 2005; Ward
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and Mervosh 2012). Vinegar was approximately half as effective at removing M. vimineum
cover; however, biomass measurements compared to control levels showed less biomass than
untreated control plots. These results suggest some lasting effects of vinegar applications beyond
the initial six weeks post-treatment. This finding opposes findings from Domenghini (2020) who
found that for 5% acetic acid content vinegar to be effective at treating a target species it had to
be applied multiple times to show any level of long-term success. Biomass collected at the end of
the season in vinegar treatment plots did include M. vimineum present in the plot, unlike
glyphosate plots where no M. vimineum biomass was present. Based on results regarding species
richness and diversity six weeks post-treatment, it is evident that for glyphosate and vinegar
treatments, the biomass remaining was composed largely of herbaceous plants other that M.
vimineum. In contrast, control plots had greater biomass due to the large amount of M. vimineum
stems still present in each plot.
Regarding plant diversity, the average Shannon-Weiner Index for vinegar was greatest
during each season of application compared to the other two treatments. Both vinegar and
glyphosate are non-selective in the species they target; however, glyphosate treatments resulted
in less plant diversity in every season. This is likely due to the high potency of glyphosate, as
opposed to vinegar, and its ability to disrupt the seedbank (Rodriguez and Jacobo 2013).
Rodriguez and Jacobo (2013) found that glyphosate application could alter the seedbank favoring
annual, cool season grasses and decreasing the seed density for warm-season perennial grasses,
sedges, legumes and dicotyledonous herbs. Interestingly, the number of returning stems other
than M. vimineum in glyphosate treated plots was still greater than the number of returning stems
in control plots. This finding provides evidence that it is better to treat areas invaded with M.
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vimineum as opposed to leaving the area untreated because there is an increase in herbaceous
presence and diversity, which can provide a greater level of forage for wildlife.
Seasonality and the application timing was not found to have a significant impact on the
effectiveness of the vinegar or glyphosate applications. This finding was expected for glyphosate
applications because glyphosate had the same success rates, near 100%, in the removal of M.
vimineum throughout all treatments. The average M. vimineum removed for the vinegar plots did
slightly decrease from the spring to summer to autumn, which is consistent with findings from
Moran and Greenberg (2008) who determined that larger plant size and increased cuticle
thickness later in the growing season could reduce the effectiveness of vinegar. Despite each
study location occurring in a different forest and soil type, removal of M. vimineum by each
treatment was consistent. This shows that vinegar and glyphosate can potentially be effective
treatments for private landowners regardless of forest overstory or soil type found on their
property.
The results of this study are important to the growing demand for alternative herbicides.
The results of this study demonstrate that vinegar, while not as effective at reducing M.
vimineum cover as glyphosate, can improve species richness post-treatment on a site invaded
with M. vimineum and have lasting effects through at least one year of treatment. For a
landowner that is conflicted by using traditional herbicides, vinegar could be considered as a
suitable alternative. Future work should explore the efficacy of varying levels of acetic acid
content in vinegar and determine whether that exhibits any effect on seasonality of treatment
applications for vinegar or remaining biomass and diversity at the end of the growing season.
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3.5

Conclusions
This study found that there are merits to the use of glyphosate and the use of vinegar (5%

acetic acid) in treating M. vimineum infestations in the Piedmont of North Carolina. Glyphosate
applications have the potential to drastically reduce cover; however due to its non-selective
nature, there is a loss of plant species diversity and richness. Household vinegar was not as
effective at reducing M. vimineum cover or biomass but led to greater species diversity and
richness than in untreated plots and plots treated with glyphosate. Treatment success of both
glyphosate and vinegar did not vary by the season applied in this study, which could give
landowners a large window of time to complete an application during the growing season. From
the results, we can conclude that both glyphosate and household vinegar are effective methods of
control, but that they provide different levels of coverage removal and different species diversity
and richness levels. A landowner’s decision on whether to use glyphosate or household vinegar
for treatment should be based on their objectives for their forested property. These objectives can
include implementing herbicide practices that conform to standards set by forest certification
entities, such as the Sustainable Forestry Initiative, which now limits the usage of glyphosate in
forests under certification.
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CHAPTER IV
CONCLUSIONS
Results from both Study 1 and 2 show that glyphosate is the most effective at eliminating
M. vimineum from an area, followed by the application of household vinegar. In Study 2, which
looked at seasonality for both glyphosate and vinegar, it was found that timing of application did
not affect the efficacy of treatment for either method of control. Treatment with glyphosate was
found to reduce species richness in Study 1, as compared to the control plot with no M. vimineum
treatment, but in Study 2 glyphosate treatments had higher species richness in the summer and
autumn applications than in the control plots. For both studies, treatment with vinegar to remove
M. vimineum had the overall highest species richness in plants returning to the plot after
treatment applications. We concluded that glyphosate was the most effective method of control
for reducing M. vimineum coverage, but there is a trade-off in level of returning species richness
and diversity. Vinegar was the most effective method of control for promoting species richness
and diversity, but there is a trade-off in reduction of M. vimineum cover. These findings give
landowners insight into two different control methods, glyphosate and vinegar, both of which
have different strengths and weaknesses. Deciding which method of control to use would come
down to landowner preference and landowner management goals.
Forest managers can use this study and others like it to encourage private landowners to
consider management of invasive species on their lands in order to make up for the lapse in
private landowner acknowledgement of invasive species on their property. Increasing landowner
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education may lead to a shift in attitudes and even management objectives, which can make large
scale management of M. vimineum and other invasives more attainable in the future.
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